Two new inorganic-organic hybrid II-VI semiconductor nanostructures have been synthesized by solvothermal reactions. These nanostructures consist of inorganic (17), c = 27.138(7) Å, V = 1159.8(9) Å 3 . The optical absorption experiments show that both 1 and 2 generate a very large blue shift in the absorption edge (1.5-1.6 eV) due to a strong quantum confinement effect (QCE). Thermogravimetric behavior of both compounds has also been investigated.
INTRODUCTION
Recently, extensive studies have been conducted on II-VI semiconductor nanomaterials. Quantum confinement effect (QCE) occurs when the length scale of the semiconductor particles is reduced to the nanometer range, which results in variation and modification in their physical properties. A variety of methods such as colloidal growth techniques have been developed to synthesize nanoparticles with narrow size distributions, size tenability and controlled morphologies [1] . However, it remains a great challenge to organize so-called monodisperse nanoparticles into periodic arrays. On the other hand, the conventional semiconductor superlattices can have uniform structures, but their ability in varying optical properties is quite limited [2] .
We have developed a synthetic route which has proven to be highly effective in producing a new class of quantum-confined nanostructures, [MQ(L) 1/2 ] (M = Mn, Zn, Cd; Q = S, Se, Te; L = diamines) [3, 4, 5] . These chalcogenide-based inorganic-organic hybrid materials are unique and attractive due to their perfect ordered structures as well as their capability of modifying semiconductor properties on the same large scale as quantum dots. They are composed of II-VI nanolayers (as a source of semiconductor functionality) and organic diamines (as links). Very strong quantum confinements are achieved in these systems. Large blue shifts (1.1-2.0 eV) in their absorption spectra are observed with respect to their II-VI parent compounds. To understand the effect of organic spacers on the optical properties of these hybrid materials, we have investigated several diamine molecules with different lengths. Here we report two new members of the group, [ZnSe(dbn) 1 were used as purchased without further purification. Powder X-ray diffraction (PXRD) experiments of samples were performed on a Rigaku D/M-2200T automated diffraction system (Ultima + ). The structure analyses were carried out using JADE (Windows), Powderx, EXPO and GSAS software packages. Optical diffuse reflectance spectra were measured at room temperature with a Shimadzu UV-3101PC double-beam, double-monochromated spectrophotometer. Thermogravimetric analyses (TGA) were performed on a computer controlled TA Instrument TGA-2050 system.
Synthesis
[ZnSe(dbn) 1/2 ] (1) was synthesized by the solvothermal reaction of ZnCO 3 (0.032 g, 0.25 mmol), Se (0.020 g, 0.25 mmol) and 0.3 mL 1,4-diaminobutane in the ratio of 2:1:12 in a sealed thickwalled Pyrex tube at 160 o C for 10 days. After being cooled to room temperature, the mixture was washed with 80% and 30% ethanol followed by drying in anhydrous ethyl ether. A tan powder of 1 (0.040 g, 84.9% yield based on Se) was obtained. [ZnSe(hda) 1/2 ] (2) was produced from the reaction of ZnSO 4 ·7H 2 O (0.575g, 2 mmol), Se (0.079 g, 1 mmol), and 1,6-hexanediamine (3.000 g, 26 mmol) in a 23 mL acid digestion bomb at 150 °C for 9 days. The product was washed by 80% and 30% ethanol followed by drying in anhydrous ethyl ether. A tan powder of 2 (0.190 g, 93.9% based on Se) was isolated.
X-ray analysis and structure refinement
The powder diffraction analyses of both compounds were performed on a Rigaku D/M-2200T automated diffraction system (Ultima + ). Measurements were made in a 2θ range of 5°-80° for 1 and 3.5°-80° for 2, respectively. The data were collected at room temperature with a step size of 0.01° and a counting time of 8 seconds per step at the operating power of 46kV/40mA. The peaks were indexed by the TREOR method [6] using the program PowderX [7] . The solutions correspond to primitive orthorhombic cells for both 1 and 2. Space group of 1 was assigned to Pbca according to the isostructral compound MnSe(dbn) 1/2 [8] . System absences of both structures confirm that space group Pbca is the right choice. Structures were solved by the direct method using the program EXPO [9, 10] . The primary structural models were input as the foundation for Rietveld profile refinement in GSAS [11] . After the initial refinement of the scale, background, and unit cell parameters, the profile parameters LX, LY, trns, asym, shft, GP, stec, ptec, and sfec were refined one by one. The Zn and Se atoms in 1 were refined isotropically. For the remaining atoms, only their atomic coordinates were refined. Hydrogen atoms were not included. No corrections for preferred orientation and absorption effects were made. The first (002) reflections at 7.973° for 1 and 6.491° for 2 in 2θ were the strongest but had very asymmetric peaks. This is characteristic for layered compounds. They are excluded in the final refinement. The details of the Rietveld refinements as well as crystal data of 1 and 2 are described in Table I .
Thermal Analysis
Thermogravimetric (TG) analyses of the title compounds were performed on a computer controlled TA Instrument 2050 TGA analyzer. Single phased powder samples of 1 (14.427 mg) and 2 (14.822 mg) were loaded into platinum pans and heated with a ramp rate of 10 °C/min from room temperature to 440 °C for 1 and 420 °C for 2, respectively.
Diffuse Reflectance Measurements
Optical diffuse reflectance spectra were collected at room temperature with a Shimadzu UV-3101PC double-beam, double-monochromator spectrophotometer. Data were measured in the wavelength range of 250-2000 nm. BaSO 4 powder was used as a standard (100% reflectance). A similar procedure as previously described was used to collect and convert the data using the Kubelka-Munk function [12] . The scattering coefficient (S) was treated as a constant since the average particle size of the samples used in the measurements was significantly larger than 5 µm. Step size(2θ deg) 0.01 0.01
Step scan time (s) 8 8 No 
RESULTS AND DISCUSSION
Both compounds were prepared by the solvothermal method using 1,4-diaminobutane (1) and 1,6-hexanediamine (2) as reactive solvents. By optimizing the reaction conditions, pure phases of 1 and 2 were obtained for structure determination by X-ray powder diffraction techniques. The crystal structure analysis of 1 revealed a pillared 3D structure constructed by alternate monolayered 
S1.7.4
The optical absorption spectra of 1 and 2 were measured by diffuse reflectance experiments, and the results are depicted in Figure 3 . The absorption edges of 1 and 2 are found to be 4.0 and 4.1 V, respectively. Both indicate a very large blue shift (1.5-1.6 eV) compared to that of the bulk ZnSe (Stilleite, 2.5 eV) [4] . The blue shifts are due to the strong QCE induced in ZnSe when its 3D lattice is broken into nanoscaled (~0. 
S1.7.5
The TG analyses were performed on single-phased powder samples of 1 and 2. The weight losses observed for the two compounds are shown in Figure 4 as a function of temperature between 50 and 450 °C. Both compounds underwent a single-step weight-loss and were thermally stable up to 250 °C. The measured weight losses of the organic species are 24.2% (3.497 mg) for dbn (1) and 29.1% (4.313 mg) for hda (2) , respectively, consistent with the calculated values, 23.4% for dbn and 28.7% for hda, respectively. The decomposition process completed at approx. 420 °C for both 1 and 2. Powder X-ray diffraction analysis immediately following the TGA experiments showed that the residues of both samples are nanoparticled ZnSe (würtzite structure, (P6 3 mc).
CONCLUSION
Two new members of inorganic-organic hybrid nanostructures based on II-VI semiconductors, [ZnSeL 1/2 ] (L = dbn, hda) have been synthesized and characterized. These compounds possess uniform and periodic 3D structures and exhibit a strong QCE, very similar to that of other members of the family. Compared with isostructural [ZnSe(en) 1/2 ] and [ZnSe(pda) 1/2 ], the significant increase in the length of the organic spacers (dbn and had) leads to negligible variations in the optical properties.
